This report summarizes the results obtained from a study on the abun-
To determine the adjustments needed to adapt the Continuous Plankton
Recorder for use in conducting a survey of the plankton of the Great Lakes.
Results: It has been determined that the Recorder should be adjusted in the following ways for use in the Great Lakes:
(1) It should be loaded with #7 (82 meshes/inch) silk bolting cloth. Considering both catching ability and filtering efficiency, this mesh size was found to be somewhat preferable to #4 (62 meshes/inch) silk and much preferable to #10 (109 meshes/inch) silk. The Great Lakes plankton large enough to be retained by this silk is mostly limited to crustaceans.
It was determined that the optimum speed for silk to pass through the Recorder in Lakes Michigan and Huron is the same as in the marine Recorder survey, approximately 4 inches of winding for every 10 miles of towing. For Lake Erie the plankton is much more abundant and the winding speed should be much faster.
As in the marine survey, the optimum towing depth for the Recorder in the Great Lakes is 10 m. The plankton at this depth is representative of the upper layers and shows a comparatively low amount of variability in abundance throughout the upper 10 m.
Objective 2
To determine and explain the distribution patterns of ten Great Lakes calanoid copepods. in Lake Erie than in Lake Michigan.
Detailed results of this study are presented in Robertson (1966) .
Objective 3 To develop a method for identifying the sex and stage of copepodites of six species of Great Lakes diaptomids.
Results: Means of identifying the Great Lakes diaptomid copepodids
were developed by comparing the armature of all the appendages from each copepodid stage of each species « Quite a number of differences in armature were noted that varied only with stage and not with either species or sex.
A few differences in armature were noted that varied within a given stage as to species but not as to sex. Finally, several differences were noted within the last three stages that varied by sex but not species • The differences noted above were presented in chart form and combined in a key to provide means for identifying the Great Lakes diaptomid copepodids to species, stage, and, for the last three stages, sexe
Results of this study have been reported by Czaika and Robertson (1968) .
Objective 4 To demonstrate that data of substantial scientific value can be obtained using Robertson (1967) , the comparison of distribution of organic matter in the Great Lakes in
Robertson and Powers (1967) As expected, the reading for the tow when no silk was in place was always the highest for a certain dateo Usually the readings were somewhat lower than this but within 10 to 12 percent of the "no silk" one. For the June towing all three silks show much lower readings, while for the September towing only the readings for the #7 and #10 silks are much lower. Identification of the zooplankton on the silks was carried out in a manner modified from that used in the marine survey explained by Colebrook (1960) .
After a band of silk had been towed, it was separated into three blocks by cutting it where it had been glued together. A staggered microscope traverse was taken across both the filtering and the covering silks of each block, and all the crustaceans that were observed using the low power objective (43.75X) were picked off. These animals were identified following the keys in Edmondson (1959) . In some cases such large numbers of animals were picked off that it was necessary to limit the identifications to only a certain known fraction. The fraction for counting was obtained by splitting the sample once or twice using a Folsom Plankton Splitter.
Results of these identifications are presented in Table 2 . Identifications were made on the tows for every date except October 5, 1965. This sample was omitted to decrease the time and effort expended in analysis.
Samples from September and November were analyzed to give a picture of fall conditions o
Comparisons of the plankton caught on the different silks on the same The rate at which the bands of silk are wound through the Recorder in relation to the amount of towing can be varied by altering the pitch of the blades of the propeller that drives the winding mechanism. The faster the winding rate, the lower the chance of clogging; for the faster the silks are wound, the less time any part of the filtering silk is exposed in the water
tunnel o Yet, the storage spool in the Recorder can only accommodate so much silk, so if the silks are wound on at a fast rate they will soon fill the storage spool* When the spool is full, the Recorder must be brought aboard and reloaded with fresh silks after removing the towed silks.
In the marine survey the blades of the propeller are set so that approximately 4 inches of silk is wound on the storage spool for every 10 miles of towing.
This rate is a compromise in that it allows towing for up to 600 miles without changing silks and yet keeps the amount of plankton on the silks low enough so that clogging is seldom a serious problem (Hardy 1939) One 4-inch block of silk from each lake was analyzed, and the results are given in Table 3 . The winding rates in Lakes Michigan and Huron were approximately 4 inches per 10 miles of towing, as in the marine survey.
These blocks had somewhat less plankton than the typical marine block. Total crustaceans 15400 741 however, the block from Lake Michigan also had less total animals than found on the #7 silks discussed previously^The coarse silk used in these preliminary runs probably allowed the escape of a large number of individuals. As the quantities of crustaceans caught in Lake Huron and Michigan were roughly similar, it seems likely that a winding rate of 4 inches per 10 miles would be appropriate for both lakes
As can be seen from Table 3 , the block from Lake Erie had many more animals than were found from Lakes Michigan and Huron. Because it was already known that Lake Erie had high concentrations of zooplankters, the winding rate had been set to be much faster in this lake than in the other two lakes.
Even so, with the rate at 4 inches per 1.68 miles of towing, the silks were thickly covered with plankton, and it seems likely that filtering efficiency was decreased. These blocks were covered at least as much as the most heavily covered blocks from the marine survey. If #7 silks had been used, even more animals would have been caught.
These results indicate that a much faster winding rate should be used for Recorder tows in Lake Erie than in the other lakes. A rate of 4 inches per 1 mile of towing or even faster seems called for when using #7 silk.
However, as the Recorder is presently constructed, the rate used in Lake Erie during these preliminary tows is about the fastest possible. It may be that a change in the gear reduction ratio between the propeller, exposed to the water flow, and the storage spool would be necessary if the Recorder were to be used for an extensive survey in Lake Erie.
Determination of Towing De-pth
The samples for the marine Recorder survey were all taken from a depth of 10 m, the depth chosen as most likely to give consistent results (Hardy 1939 For the purposes of the present study, it was impractical to study the vertical distribution of each individual species. Instead, the data have been combined to give the abundance of the total crustacean plankton at each depth on each sampling date^These totals are presented in Table 4 .
The results in this table show consistent differences among depths in abundance o Generally, the deeper samples had fewer individuals than the shallower oneso There seem to be consistent differences among depths in the amount of variation in abundance during a sampling period. The surface station tends to have more variability in abundance during a sampling period than the other depths.
To give a more precise picture of these differences, the data for each sampling period have been averaged and the coefficient of variability within the sampling period calculated for each depth ( The feasibility of this concept has been tested both in the Atlantic and the Pacific, and the results have shown that it holds great promise.
During the summer of 1966 the feasibility studies were expanded to include a cruise that was partially in fresh and partially in salt water.
The Principal Investigator participated in this cruise and has published the experiences obtained in planning, preparing for, and carrying out the project elsewhere (Robertson 1967) .
The waters of a river system change gradually as they flow to the sea and then change abruptly as they meet the sea and flow out the estuary. For practical reasons, very few studies have been conducted to study these changes in a large river system, starting a great distance inland and continuing out into the open oceano The Research Ships of Opportunity project mentioned above provided an excellent opportunity to conduct such studies.
The scientific objective of the project was to conduct a comparison of certain environmental properties along the line of cruise.
The properties selected for study were the amount of particulate organic matter, the amount of dissolved organic matter, the composition of the zooplankton community, the temperature, and the conductivity. These were selected because it was felt they would facilitate meaningful comparisons among the biological communities in the different envirdnmerits and because they lent themselves to relatively simple measurement on the merchant vessel.
-26- Temperatures during the freshwater part of the cruise were generally relatively high, with the highest temperatures occurring in the shallow, western end of Lake Erie. Lake Ontario had somewhat lower temperatures, with the sample from the middle of the lake being by far the coolest. At the entrance to the Sto Lawrence from Lake Ontario, the temperature was high, while the temperatures down the rest of the river were somewhat lower and relatively constant « The largest change in temperature during the cruise was that encountered in going from fresh to salt water at the mouth of the 
Conduotivity
The specific conductance compensated to a temperature of 25°C was measured on each sample, using a conductivity bridge. There is a great difference between the values for fresli and those for salt water, and so the results from these environments have been plotted separately versus sample these lower values at the start and end of the freshwater part of the cruise will be discussed in the following subsection.
Excluding these lower values at the mouth, it will be noted that the tendency was for a slight increase in conductivity as we progressed down- It is possible to separate the major marine environments encountered during the cruise by plotting salinity versus temperature (Fig. 4) .
Partioulate Organic Matter and Dissolved Organic Matter
The values for particulate and dissolved organic matter have been plotted together in Figure 5 because the two properties show such similar trends.
Only the values for the freshwater part of the cruise are treated hereo For measuring particulate organic matter in fresh water we used the method of Robertson and Powers (1965) o This method entails filtering the water through a 0o8y, pre-weighed membrane filter, reweighing the filter after drying, and considering the difference between the two weights as the weight of particulate matter. The filter plus particulate matter was then ashed and the weight of ash subtracted from the particulate matter value to give an estimate of particulate organic matter.
(The filter is essentially ash-free.
It had been hoped to follow this same procedure for measuring the particulate organic matter in the salt water, and, in fact, such measurements were madeo However, these measurements have not been included here because it was found that in salt water the filters gained weight that could not be has been possible to obtain substitute data for that part of the unsampled It will be noted that the freshwater environments have more species than the marine. This is somewhat surprising for it is usually assumed that diversity is less in fresh water. This rather anamolous situation probably is caused to some extent by the paucity of plankton species found in the upper waters of the North Atlantic compared to most other marine areas.
There seems little doubt that many more species are present in the North
Atlantic at other depths than those sampled, and this is almost assuredly block has also been calculated for each environment (Table 8 .) The most outstanding fact is the tremendous abundance of zooplankton in Lake Erie compared to all the other environments « This may be attributable to high phytoplankton productivity in this lake as suggested by the high particulate organic matter values found in its western end. This high phytoplankton production would furnish the food for large numbers of zooplankters.
